The most widely used procedures for determining dithiocarbamate and tetramethylthiuram disulfide fungicide residues involve a spectrophotometric determination of CS2 after hot acid digestion of the sample. Accurate measurements of the ambient carbon disulfide concentration in industrial waste water and in an industrial atmosphere are necessary to protect the health of workers. Among the deleterious effects of chronic CS2 intoxication are vitamin B6 deficiency, depletion of the levels of essential trace metals, such as Cu and Zn, and an intensification of the development of atherosclerosis. 1,2 It is, therefore, of interest to develop a simple and rapid method for the determination of this pollutant. Different methods have been used for the determination of carbon disulfide in water, including spectrophotometry, 3-6 chromatography, 6-8 GC-flame photometric, 9 and -mass spectrophotometric 10 methods. Of these methods, spectrophotometric methods have been shown to be more simple than the other methods. The most widely used procedure for determining CS2 by spectrophotometry is the adsorption of CS2 in a copper-diethanolamine reagent, that yields a yellow complex.
The most widely used procedures for determining dithiocarbamate and tetramethylthiuram disulfide fungicide residues involve a spectrophotometric determination of CS2 after hot acid digestion of the sample. Accurate measurements of the ambient carbon disulfide concentration in industrial waste water and in an industrial atmosphere are necessary to protect the health of workers. Among the deleterious effects of chronic CS2 intoxication are vitamin B6 deficiency, depletion of the levels of essential trace metals, such as Cu and Zn, and an intensification of the development of atherosclerosis. 1, 2 It is, therefore, of interest to develop a simple and rapid method for the determination of this pollutant. Different methods have been used for the determination of carbon disulfide in water, including spectrophotometry, [3] [4] [5] [6] chromatography, [6] [7] [8] GC-flame photometric, 9 and -mass spectrophotometric 10 methods. Of these methods, spectrophotometric methods have been shown to be more simple than the other methods. The most widely used procedure for determining CS2 by spectrophotometry is the adsorption of CS2 in a copper-diethanolamine reagent, that yields a yellow complex. 3 This method cannot quantify the CS2 concentration below 2 µg/ml. 6 The other spectrophotometric methods 4-6 have a high limit of detection, a short linear dynamic range and are time consuming.
To our knowledge, there has not been any report concerning the kinetic-spectrophotometric method for the determination of trace amounts of CS2. The proposed method is described as a kinetic method based on an induction effect of CS2 on the oxidation of sodium azide by triiodide that is monitored spectrophotometrically.
Experimental

Reagents and chemicals
All of chemicals used were of analytical-reagent grade and doubly distilled water was used.
Carbon disulfide (100 µg/ml) was prepared by adding 0.108 ml CS2 (Merck) to water in a volumetric flask.
A triiodide stock solution (1.0 mM) was prepared by adding 0.0254 g of I2 to 0.45 g of KI and dissolved in 100 ml of water in a volumetric flask. The resulting solution was standardized by sodium thiosulfate method.
A stock solution of 2.50 M sodium azide solution was prepared by dissolving 25.5 g of NaN3 (Merck) in water and diluting in a 100-ml volumetric flask.
Apparatus
A UV-VIS Spectronic 20 (Genesys) with a 1.0 cm glass cuvette was used to measure the absorbance at 350 nm. A thermostat (Gallen Kamp Griffin, BJ-240 V) was used to keep the reaction temperature at 30˚C.
A column (10 × 5 mm) containing 1.0 g of active carbon was used in the separation of CS2 from sample solutions by passing a 1000 ml solution containing of CS2 plus other cations through the column at a flow rate of 100 ml/h. The column was then washed with 10 ml of a mixture of (50:50) isoamyl acetate/ethanol at a flow rate of 50 ml/h.
Procedure
All of the solutions were preheated to the working temperature (30˚C) in a thermostat water bath for 30 min before initiating the experiment.
The reaction was followed spectrophotometrically by monitoring the decrease in the absorbance of the reaction mixture at 350 nm with a fixed time of 0.5 -3.0 min from initiation of the reaction. Into a 10-ml volumetric flask, 1.0 ml of a buffer solution (pH = 2.5, phethalate, 0.010 M) 1.0 ml of a 2.50 M sodium azide solution and 2 ml of a solution containing 0.100 to 9.350 µg of CS2 were added. The solution was diluted to ca. 8 ml with water. Then, 1.0 ml of 0.0010 M I3
-was added to the solution and the solution was diluted to the mark with water and mixed well. The time was measured just after the addition of the last drops of triiodide solution. A portion of the reaction mixture was transferred into the cell within 30 s and the reaction was followed by recording the decrease in the absorbance at 350 nm at a fixed time of 0.5 -3.0 min from the initiation of the reaction (∆As). The measurement in the absence of carbon disulfide was repeated to obtain the values for the blank reaction (∆Ab). Carbon disulfide (CS2) was determined at trace levels by its induction effect on the reaction of triiodide with azide in acidic media. The reaction was monitored spectrophotometrically by the decreased absorbance of triiodide over a period of 30 -180 s from the initiation of the reaction at 350 nm, with calibration linear range of 0.020 -1.870 µg/ml CS2. The limit of detection is 0.013 µg/ml CS2. A carbon-active column was used for sample solution clean up. The proposed method was successfully applied to the determination of trace carbon disulfide in natural water.
Results and Discussion
Triiodide can oxidize sodium azide in mild acidic media at a slow rate. This reaction goes to a fast rate in the presence of trace amounts of CS2, S2O3 2-and SCN -. [11] [12] [13] The absorbance at 345 nm decreases with time. The rate equation of the activated reaction is
where k is the rate constant. 
where t is the reaction time and ∆t is the interval time of the signal measurement. Therefore, the change in the absorbance is proportional to the CS2 concentration at a fixed time (∆t). Figure 1 shows the effect of the pH on the reaction rate at 25˚C. The pH was adjusted by adding buffer solution. The rate of the sample reaction increased by decreasing the pH from 4.5 to 2.5, and then decreased. This is due to the fact that the induction effect of CS2 decreases by increasing the pH values. Therefore, a pH of 2.5 (phethalate, 0.010 M) was selected for further study.
The effect of the triiodide concentration on the sensitivity was investigated (Fig. 2) at pH 2.5 and 25˚C. The results show that the rate of net reaction (∆As -∆Ab) increased by increasing the triiodide concentration up to 0.10 mM; after this concentration, it is leveled off. Thus, a triiodide concentration of 0.10 mM was adopted.
The effect of the azide concentration on the sensitivity was investigated for the range of 0.025 -0.375 M azide in the presence of 0.10 mM of triiodide and pH = 2.5 at 25˚C. Figure  3 shows that the sensitivity increased upon increasing the sodium azide concentration up to 0.225 M, and after that its leveled off. Therefore, a 0.25 M sodium azide concentration was selected for further study. Figure 4 shows the influence of the reaction temperature in the range of 6 -40˚C in the presence of the optimum reagent concentration and pH 2.5. The results show that by increasing the temperature from 6 to 30˚C, the sensitivity increased, whereas for higher temperatures (> 30˚C), the sensitivity decreased. This is due to the fact that at higher temperature, the blank reaction goes to a fast rate. Therefore, 30˚C was selected as the optimum reaction temperature. The reaction rate was independent of the change in the ionic strength (using 3.0 M NaNO3). 
Characteristics of the method
The oxidation rate of sodium azide is a linear function of carbon disulfide in the range of 0.020 -1.870 µg/ml in the presence of the optimum reagent concentration and pH at 30˚C with a regression equation of ∆A = 0.0004 + 0.200CCS2 (r 2 = 0.9995, n = 10), where ∆A is (∆As -∆Ab) and C is the concentration of CS2 in µg/ml.
The experimental limit of detection (defined as three-times the standard deviation of the blank divided by the slope of the calibration graph, 3Sb/m) is equal to 0.013 µg/ml CS2.
The relative standard deviations for ten replicate measurements of 300, 500, 1000, and 1500 ng/ml of CS2 were 2.6%, 2.1%, 1.6% and 1%, respectively.
Effect of foreign substances and applications
The effect of more than twenty eight substances on the determination of 0.50 µg/ml of CS2 under the optimum conditions was examined. The maximum amount of the substance causing an error of more than 3% in the determination of 0.50 µg/ml of CS2 was taken as the tolerance limit. The results are given in Table 1 . The results showed that several cations and anions did not interfere with the CS2 determination.
In order to check the validity of the proposed method for a real sample analysis, two waste-water samples were selected. Because of presence of Cu 2+ and Fe 2+ (maybe) in natural water, the CS2 contents were measured after the separation of CS2 with active carbon by the proposed method. The results are given in Table 2 with satisfactory recoveries. To eliminate sulfide, an acid treatment 12 could be used. The suitability of the I3 --N3 --CS2 system for the development of a kinetic method for determination of ultra-trace amounts of carbon disulfide as low as 13 ng/ml, which is sensitive, precise, rapid and simple, has been demonstrated. The method is simple and rapid and has a lower cost compared to other existing spectrophotometric methods. [3] [4] [5] [6] By using activated carbon for the preconcentration of carbon disulfide, it is possible to measure CS2 at ultra-trace levels. 
